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Abstract 

Approximately ten percent of newborns require some 
help with their breathing at birth. About one percent 
require extensive assistance at birth which needs to be 
administered by trained personnel. Neonatal resusci¬ 
tation is taught through a simulation based training 
program in North America. Such a training method¬ 
ology is cost and resource intensive which reduces 
its availability thereby adversely impacting skill ac¬ 
quisition and retention. We implement and present 
RETAIN (REsuscitation TrAIning for Neonatal res¬ 
idents) - a video game to complement the existing 
neonatal training. Being a video game, RETAIN runs 
on ubiquitous off-the-shelf hardware and can be easily 
accessed by trainees almost anywhere at their conve¬ 
nience. Thus we expect RETAIN to help trainees 


retain and retrain their resuscitation skills. We also 
report on how RETAIN was developed by an inter¬ 
disciplinary team of six undergraduate students as a 
three-month term project for a second year university 
course. 


1 Introduction 

Establishing breathing and oxygenation after birth is 
vital for survival and long-term health. The vast ma¬ 
jority of newly born infants make the transition from 
intrauterine to extrauterine life without help. How¬ 
ever, approximately 10% of newborns require some 
form of assistance to breathe at birth and approx¬ 
imately 1% require a more intensive resuscitation. 
Despite such care, approximately 900 thousand new- 
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born infants die annually worldwide due to birth as¬ 
phyxia (Spector & Daga, 2008). 

The delivery room is often a stressful environment 
where decisions are made quickly and resuscitators 
need to have good cognitive, psychomotor and com¬ 
munication skills. They also must have good team- 
management skills. However, the “coming together” 
of all theses skills is often more difficult than is widely 
appreciated. The neonatal training paradox (Wein- 
stock, Kappus, Kleinman, Grenier, Hickey, & Burns, 
2005) describes the infrequent occurrence of neona¬ 
tal emergencies with the risk of clinicians being “un¬ 
prepared, hesitant, and highly anxious” (Donoghue, 
Durbin, Nadel, Stryjewski, Kost, & M.Nadkarni, 
2009) due to the lack of practical learning experi¬ 
ences. Such high acuity, low occurrence (HALO) 
situations arise infrequently but still require a high 
level of cognitive and technical competency. Neonatal 
and infant resuscitation perfectly meet the descrip¬ 
tion of such HALO events (Halamek, 2008). Such 
events lend themselves well to simulation-based train¬ 
ing (Donoghue et ah, 2009). Simulation-based medi¬ 
cal education (SBME) has been identified as “a highly 
effective instructional strategy for the acquisition and 
retention of skills requisite to competent performance 
in dynamic, high-pressure, high-consequence environ¬ 
ments” such as delivery rooms (Anderson & Warren, 
2011). The Joint Commission on Accreditation of 
Healthcare Organizations (2004), reporting on pre¬ 
venting infant death and injury during delivery, high¬ 
lighted that inadequacies in proficient neonatal resus¬ 
citation account for over two thirds of mortality and 
morbidity. 

An international consensus on resuscitation em¬ 
phasizes SBME to enhance performance in real-life 
clinical situations (Kattwinkel, Perlman, Aziz, Colby, 
Fairchild, Gallagher, Hazinski, Halamek, Kumar, Lit¬ 
tle, McGowan, Nightengale, Ramirez, Ringer, Si¬ 
mon, Weiner, Wyckoff, & Zaichkin, 2010). How¬ 
ever, the current neonatal training using a mannequin 
(Figure 1) requires access to a specialized facility, 
which needs to be equipped and staffed with in¬ 
structors trained in SBME and debriefing. Conse¬ 
quently, SBME in its current form is time and cost 
intensive and therefore not offered routinely or in 
all healthcare facilities (Mileder, Urlesberger, Szyld, 
Roehr, & Schmolzer, 2014). Accordingly, the cur¬ 
rent certification requirements demand only a sin¬ 
gle four-hour SBME refresher course every two years 
to remain certified in neonatal resuscitation. While 
SBME has been shown to improve performance ini- 



Figure 1: Simulation-based training on neonatal re¬ 
suscitation using a mannequin. 


tially after training (Kaczorowski, Levitt, Hammond, 
Outerbridge, Grad, Rothman, & Graves, 1998; Cur¬ 
ran, Aziz, O’Young, & Bessell, 2004), both cognitive 
and technical skills significantly deteriorate within 
months (Mileder et ah, 2014). Although the optimal 
frequency for a refresher training is unclear, evidence 
suggests performing at least biannual training to en¬ 
sure maintenance of knowledge and skills (Mileder 
et ah, 2014). 

Using a video-game-like computer simulation to 
train various aspects of neonatal resuscitation has 
several advantages, all of which are critical when 
training healthcare professionals: controlled and risk¬ 
free learning, repetitive deliberate practice, customiz¬ 
ability of training experiences to individual needs, ob¬ 
jective assessment of and feedback on trainees’ per¬ 
formance, easy accessibility and a less stressful en¬ 
vironment. Although SBME can provide all of the 
above short of easy accessibility, there are poten¬ 
tial disadvantages including a biased or distracted in¬ 
structor or a single instructor who might be unable 
to observe everything during a team scenario. Us¬ 
ing a computer-based simulation the instructor can 
receive a computer printout (or log) at the end of 
the game/simulation, which would allow him/her to 
identify what went well and what did not and de¬ 
brief the trainee accordingly. Thus, in this paper, we 
adopt the approach of using a computer-based simu¬ 
lation game (Sitzmann, 2011) to compliment physical 
simulation-based training on neonatal resuscitation. 

The primary contribution of this paper is a pre¬ 
sentation of such a video game, called REsuscitation 
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TrAIning for Neonatal residents (RETAIN). We de¬ 
scribe the structure of the game and the non-playable 
characters driven by Artificial Intelligence (AI) that 
the trainee interacts with. RETAIN was developed 
by a team of six undergraduates as a term project 
for a second-year university class. Thus the second 
contribution of this paper are lessons learned from 
the production. With the proliferation of university- 
level courses and programs in video game develop¬ 
ment, we believe this account will be useful to other 
institutions. 

The rest of the paper is organized as follows. We 
define the problem of neonatal resuscitation train¬ 
ing with a serious game (Michael & Chen, 2005) in 
Section 2. Section 3 reviews existing work relevant 
to the problem. We introduce the design of our ap¬ 
proach (RETAIN) in Section 4 and describe the pro¬ 
duction process in a video-game class in Section 5. 
In Section 6 we present a preliminary evaluation of 
the approach. We then conclude the paper with a 
discussion of future work in Section 7. 


2 Problem Formulation 

While, generally speaking, neonatal resuscitation 
training encompasses technical motor skills (e.g., bag 
and mask ventilation), decision-making skills (e.g., 
following the correct resuscitation procedure), com¬ 
munication and teamwork, we focus on decision¬ 
making skills. Studies have shown that not fol¬ 
lowing a correct resuscitation procedure is respon¬ 
sible for approximately 60-70% of all failures in 
the task (McCarthy, Morley, Davis, Kamlin, & 
O’Donnell, 2013; Schilleman, Witlox, van Vonderen, 
Roegholt, Walther, & te Pas, 2014). 

The current physical simulation-based training is 
initially effective (Lee, Brown, Bender, Machan, & 
Overly, 2012) but frequent refresher training sessions 
are necessary for the trainee to retain the decision¬ 
making skills (Kaczorowski et ah, 1998; Curran et ah, 
2004). With the current physical training methodolo¬ 
gies frequent refresher sessions are cost-prohibitive. 
Thus, the problem we address in this paper is to cre¬ 
ate a cost-effective and easily accessible non-physical 
training system for neonatal resuscitation that can 
complement the current training regimes and enables 
more frequent refresher training sessions for clinical 
personnel. 


3 Related Work 

Simulation, which originated from aviation and 
spaceflight training programs, was adopted by anes¬ 
thesiologists in the 1960s which eventually led to 
the development of simulation-based medical educa¬ 
tion (Abrahamson, Denson, & Wolf, 2004; Schwid & 
O’Donnell, 1992). Medical education and, in par¬ 
ticular, surgical training has been an active area 
for the development of both simulations and seri¬ 
ous games (Graafland, Schraagen, & Schijven, 2012; 
Kapralos, Moussa, & Dubrowski, 2014). In the fol¬ 
lowing sections, we review games relevant to the cur¬ 
rent work. 

e-Baby (Fonseca, Aredes, Dias, Scochi, & Ii, 2015) 
is a serious game in which players perform clinical 
assessment of oxygenation on preterm infants in a 
virtual isolette. The infants present a range of respi¬ 
ratory impairments from mild to serious. The play¬ 
ers were provided with patient history and had to 
select appropriate tools for clinical assessment. The 
assessment was made by responding to a series of 
questions in a multiple-choice format. The questions 
drove the interaction and served as an assessment of 
the trainee’s knowledge. The game was evaluated by 
nursing students who had free access to the simu¬ 
lation and was rated highly for its ease of use and 
as overall efficacy of learning. The goal of e-Baby 
was acquisition of procedural knowledge pertaining 
to the clinical assessment. Our goal is to create a 
game that trains medical personnel on the applica¬ 
tion of pre-existing knowledge of clinical intervention 
(resuscitation) in stressful conditions. 

LISSA (Wattanasoontorn, Boada, Garcia, & Sbert, 
2013; Wattanasoontorn, Magdics, Boada, & Sbert, 
2013; Wattanasoontorn, Boada, Sbert, Olivet, & Ju- 
vinya, 2014) is a serious game to teach cardiopul¬ 
monary resuscitation (CPR) and use of an automated 
external defibrillator. Players must perform CPR 
procedures in the correct order within a specified 
time limit. The system supports play and author¬ 
ing modes. Emergency scenarios are authored from a 
predefined set of elements, and can be complemented 
with expositional material (e.g., a demonstration of 
how to apply CPR). Scenarios are modeled as finite 
state machines corresponding to a CPR flowchart. 
LISSA was evaluated with 60 learners with no back¬ 
ground in CPR, and four CPR instructors. Although 
it was found to lead to lower learning outcomes com¬ 
pared to conventional instruction alone, LISSA was 
shown to have a higher efficacy when used to com¬ 
plement mannequin-based instruction. Although rel- 
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evant to our problem, LISSA differs in a number of 
key aspects: it targets adult cardiopulmonary resus¬ 
citation rather than neonatal resuscitation, and is 
intended for a general audience rather than clinical 
trainees. LISSA also aims to teach motor skills via a 
use of Kinect (Wattanasoontorn et ah, 2013) which 
is beyond the scope of our problem (decision-making 
skills). 

Kalz, Schmitz, Biermann, Klemke, Ternier, and 
Specht (2013) report on the development of a mobile 
game-based resuscitation training for first respon¬ 
ders. The goal of the project was to augment, rather 
than to replace, face-to-face training. Specifically, 
the authors sought to “increase procedural knowl¬ 
edge, train processes in an emergency situation and to 
influence willingness to help and self-efficacy” (Kalz 
et ah, 2013). As with LISSA the intended audience 
were laypeople and the domain was adult CPR. 

RELIVE (Loconsole, Frisoli, Mastronicola, 
Stroppa, Ristagno, Marchetti, & Semeraro, 2015) 
and Viva! (Semeraro, Frisoli, Ristagno, Loconsole, 
Marchetti, Scapigliati, Pellis, Grieco, & Cerchiari, 
2014) were developed for use by general audiences 
as part of an awareness week around CPR train¬ 
ing (Ristagno, Grieco, Pellis, Scapigliati, Semeraro, 
& Cerchiari, 2014). RELIVE was intended as a 
low-cost trainer for non-clinical use and employed 
Microsoft Kinect, a realistic 3D environment, and 
game-like interface to provide feedback to players 
about their CPR performance. Viva! is a serious 
game intended to raise awareness among adults and 
children of CPR training. Accordingly, the game 
employed a 2D retro-cartoon style. A variety of 
rescue scenarios take place in different simulated 
locations. Players perform CPR by clicking on icons 
representing actions of interest, in order to save 
characters from cardiac arrest. The game can be 
played in two modes. In story mode, players are 
led through structured training and must achieve a 
high level of performance before they can proceed. 
In tournament mode, players are able to engage 
in ready-to-play emergency scenarios, to test the 
accuracy of their CPR performance. Players may 
also challenge friends to compete on the accuracy 
of their maneuvers. As with previous efforts and 
unlike for the problem we are solving, VivaF s target 
audience was laypeople. 

Pulse!! is a virtual clinical-training environment 
for trauma management (Johnston & Whatley, 2005; 
McDonald, 2011; BreakAway Games, 2008). Aimed 
at clinical professionals and learners, Pulse!! allows 


players to train clinical skills in numerous emergency 
situations. Players interact with patients in a highly 
realistic clinical environment, furnished with a vari¬ 
ety of medical equipment and player-controllable staff 
members. The system includes a case-authoring tool, 
scene editor, tutoring system, and asset library of 
characters, environments, equipment and physiolog¬ 
ical processes. In an assessment of its effectiveness 
as a learning and assessment tool, Pulse!! was found 
to be significantly more effective than paper-based 
learning, and was rated highly engaging by play¬ 
ers (McDonald, 2011). While Pulse!! was designed to 
be a comprehensive simulation environment for adult 
trauma, the problem we are addressing is resuscita¬ 
tion in newborns. 

Triage Trainer (Knight, Car ley, Tregunna, Jarvis, 
Smithies, de Freitas, Dunwell, & Mackway-Jones, 
2010) is a serious game designed to teach major inci¬ 
dent triage to clinical professionals. Developed to be 
played on a desktop or a laptop computer, the game 
allows its players to practice triage (prioritizing which 
patients to treat when) in a realistic immersive 3D 
environment. Players navigate and interact with ca¬ 
sualties using the mouse and keyboard. Assessment is 
done by clicking on a series of icons representing var¬ 
ious examinations (e.g., breathing check, pulse rate 
check) and manipulations (e.g., open airway, tag a 
casualty with triage rating). The focus of the game is 
on rapid execution of process-based knowledge. The 
authors found that participants who played the game 
had significantly greater accuracy on a triage task 
than did participants who took part in the control 
activity (card sort). Although it addresses clinical 
decision-making under pressure, Triage Trainer deals 
with the domain of mass casualty triage, not neonatal 
resuscitation. 

Surgical Improvement of Clinical Knowledge Ops 
(SICKO) is a web-based game designed to practice 
and assess clinical decision-making in surgery (Lin, 
Park, Liebert, & Lau, 2015). The game was in¬ 
spired by and developed from the original work on 
Septris (Wykes, 2015), a web-based game to teach 
learners about sepsis. The purpose of SICKO is to 
simulate decision-making under pressure rather than 
psychomotor skills. In the game, players must bal¬ 
ance the care of multiple patients, as they would in 
real life. As they do so, Dr. Sicko, represented by 
a cartoon figure, shows his approval by smiling or 
frowning and adding or deducting points from the 
player’s score. Scenarios cover a range of acuity and 
complexity and can include X-ray and MRI imag- 
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be considered at several steps 


Figure 2: The neonatal resuscitation algorithm by the 
International Liaison Committee on Resuscitation. 



Figure 3: The game interface. 



ing. Similar to other work mentioned in this sec¬ 
tion, SICKO addresses clinical decision-making under 
pressure, however, the clinical environment is highly 
abstracted. Inspired by Tetris (Tetris Press, 2015), 
the patients are represented as faces which descend 
from the top of the screen in columns, and must be 
successfully treated before reaching the bottom. Ad¬ 
ditionally, the domain addressed by SICKO does not 
encompass neonatal resuscitation. 

4 RETAIN Design 

We designed RETAIN around the resuscitation flow 
chart shown in Figure 2, reproduced from (Kat- 
twinkel et ah, 2010). To ramp the decision-making 
complexity gradually, we built the game with four lev¬ 
els of increasing difficulty. An introductory (zero-th) 
level served as a tutorial of the game interface where 
the trainee, controlling a medical resident, followed 
directions of a doctor experienced in resuscitation. 
The doctor was a non-playable character controlled 


Figure 4: Chest compression parameter choices. 

by AI whose dialogue structure was implemented as 
a dialogue tree (BioWare, 2002a). Recorded voice 
overs were used in conjunction with written dialogue 
to have the doctor converse with the trainee (Fig¬ 
ure 3). The trainee interacted with the game with a 
keyboard and mouse for level navigation and menu 
selections. 

The doctor in the tutorial level gave a complete 
guidance on which actions to take and served as an 
introduction to the interface. Having passed the tuto¬ 
rial, the trainee would tackle three resuscitation sce¬ 
narios of different complexity. While in each of them 
the trainee was still paired with an Al-controlled doc¬ 
tor, he or she now received incomplete guidance from 
the Al-controlled doctor and had to use their own 
judgment to select the right action at the right time. 
Furthermore, most actions now had a parameter (e.g., 
the frequency of chest compressions) which had to be 
specified by the trainee as well (Figure 4). 
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Figure 5: The baby’s health represented with a health 
bar next to the baby’s pulse. 


An incorrect action selection (e.g., applying suc¬ 
tion instead of performing chest compressions) or an 
incorrect parameter value (e.g., using the chest com¬ 
pressions with the breath ratio of 5:1 instead of 3:1) 
counted as a mistake and the trainee received an im¬ 
mediate feedback in the form of auditory cue (a bell 
tone) and an utterance from the doctor. Each mis¬ 
take also decreased the baby’s health level (shown as 
a vertical bar in Figure 5). After four mistakes the 
baby died, ending the scenario. By committing fewer 
than four mistakes the trainee saved the baby, also 
ending the scenario. 

The trainee tackled each of the three scenarios by 
accessing one of the three doors from a hub area rep¬ 
resenting the hospital’s lobby (Figure 6). The later 
scenarios were more difficult as in order to save the 
baby they required the trainee to take (i) a longer 
action sequence (6, 9 and 13 actions for the three 
scenarios respectively) and (ii) to use a wider vari¬ 
ety of actions (5, 7 and 9 out of a total of 9 actions 
RETAIN supported). Thus, the trainee was tested 
on a progressively larger portion of the resuscitation 
algorithm (Figures 7, 8, 9). Note that while RETAIN 
supported a total of 9 actions, most of them took a 
parameter thereby greatly increasing the number of 
choices available to the trainee to pick from. 



Figure 6: The hospital lobby served as the game hub. 



Figure 7: Parts of the resuscitation algorithm covered 
by training scenario 1. 

5 RETAIN Production 

The entire production was carried out as a term- 
project in a second-year undergraduate course. The 
production took three months and involved a team of 
six undergraduate students from different disciplines: 
computing science, psychology, art and design and 
biology. The team was advised by two neonatologists 
on a weekly basis. Each week the developer team also 
met with a former graduate of the course serving as 
a mentor. The team additionally received a 3D baby 
model from an external artist and had external voice 
actors record voice overs for in-game characters. 

The production faced a number of challenges. 
First, the development toolset used for the produc¬ 
tion, Aurora Toolset (BioWare, 2002a) is more suit¬ 
able for dialogue-based isometric-view RPG adven¬ 
tures such as Neverwinter Nights (BioWare, 2002b). 
The team spent a considerable amount of time mod¬ 
ifying the interface for the medical simulation (e.g., 
a level map had to be displayed off screen). Sec- 
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Figure 8: Parts of the resuscitation algorithm covered 
by training scenario 2. 


ond, the six students were from different depart¬ 
ments/faculties and were enrolled in four to five other 
courses during the term. This made scheduling meet¬ 
ings difficult. The team ended up meeting both on- 
and off-campus, often on weekends. Third, none 
of the team members had previously worked on a 
term-long project with students with other back¬ 
grounds, nor had any team member previously de¬ 
veloped a video game. Timely communications were 
critical and were organized through on-line collabo¬ 
ration tools including Google apps, Trello, Skype and 
Facebook. 

6 Preliminary Evaluation 

To date, RETAIN has gone through several evalu¬ 
ation phases. Early vertical slices of the game were 
tested by the teams mentor and the course instructor. 
A beta version was evaluated by the course teaching 
assistants (two computing science graduate students) 
and the classmates (thirty students). The final ver¬ 



Figure 9: Parts of the resuscitation algorithm covered 
by training scenario 3. 


sion was evaluated by the course instructor and by 
eight members of an award committee. The commit¬ 
tee was tasked with selecting award winners for an 
annual game-award ceremony tied to the course and 
consisted of game developers (both AAA and inde¬ 
pendent) as well as academics. Not only the com¬ 
mittee recognized RETAIN with an award but also 
the committee members, including experienced AAA 
commercial game developers, reported unexpected 
stress while playing the game due to the gravity of 
the context (saving the baby). This was in contrast 
to the other nominated games which were all made 
for entertainment purposes. Finally, the game was 
evaluated by two neonatologists who felt that overall 
the game displayed important aspects of basic neona¬ 
tal resuscitation training. In particular, they deemed 
that the game was able to keep the player engaged 
and involved, with sufficient drama and stress, while 
providing a platform for learning by doing in a cost- 
effective and engaging fashion. 
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7 Future Work 

While anecdotal, the evidence presented in the pre¬ 
vious section is encouraging and opens up several di¬ 
rections for future work. The immediate next step is 
to evaluate RETAIN in a medical training environ¬ 
ment. Preparations are underway to run user studies 
later this summer and in early fall. Following such 
an evaluation, a research-grade version of RETAIN 
will be developed. The future version will attempt 
to actively model the trainee’s skills in neonatal re¬ 
suscitation. This will allow an AI manager to tailor 
each training scenario to a given trainee. Specifically, 
matching the trainee’s inferred skills against complex¬ 
ity of various scenario modules will allow the AI man¬ 
ager to estimate the trainee’s degree of flow (Bulitko 
& Thue, 2015). By keeping the trainee in a state of 
flow his or her learning may be improved (Csikszent- 
mihalyi, 1990). Being in a state of flow is also intrin¬ 
sically rewarding and thus may encourage a trainee 
to practice more with the system. 

With a longer development cycle and a larger devel¬ 
opment budget, the next version of RETAIN will be 
built with a modern toolset, support a wider range 
of resuscitation scenarios and achieve a greater vi¬ 
sual and medical fidelity. Finally, we are planning to 
implement an Al-driven feedback system which will 
critique trainees actions and score their overall per¬ 
formance. 

8 Conclusions 

Neonatal resuscitation is a crucial life-saving proce¬ 
dure in modern hospitals. While traditional train¬ 
ing requires access to a costly specialized facility, 
we conjecture that complementing it with a video- 
game-based, easily accessible low-cost version will 
add training value via more frequent training ses¬ 
sions. In this paper we reported on a three-mo nth 
undergraduate production of the first version of such 
a training game carried out as a term project in a 
second-year undergraduate class. The initial proto¬ 
type and its development appear successful and en¬ 
courage a development of a research-grade follow up. 

9 Acknowledgments 

We would like to thank other members of the 
RETAIN development team: Erik Estigoy, Con¬ 
nor Hastey Palindat, Vishruth Kajaria and Derek 


Kwan. Baby modeling was performed by Glenn 
Meyer. Voice actors were Fuad Sakkab, J.D. Mac- 
mitt, Nathan Wakeman, Gerard Capiuk and Jes¬ 
sica Hong. We also thank the class teaching assis¬ 
tants Yathirajan Brammadesam Manavalan and Ser¬ 
gio Poo Hernandez. We also appreciate the support 
from the Community Service Learning centre at the 
University of Alberta and the Heart and Stroke Foun¬ 
dation of Alberta. 

References 

Abrahamson, S., Denson, J., & Wolf, R. (2004). Ef¬ 
fectiveness of a simulator in training anesthe¬ 
siology residents. Quality and Safety in Health 
Care , 13(5), 395-397. 

Anderson, J. M., & Warren, J. B. (2011). Using simu¬ 
lation to enhance the acquisition and retention 
of clinical skills in neonatology. Seminars in 
Perinatology , 35 , 5967. 

Bio Ware (2002a). Aurora toolset.. 

Bio Ware (2002b). Neverwinter Nights.. 

BreakAway Games (2008). Pulse!! Simulation Tech¬ 
nology.. 

Bulitko, V., & Thue, D. (2015). A call for flow mod¬ 
eling in interactive storytelling. In Proceedings 
of The Third Annual Conference on Advances 
in Cognitive Systems (ACS). 

Csikszentmihalyi, M. (1990). Flow: The Psychology of 
Optimal Experience (The first edition). Harper 
and Row, New York, New York. 

Curran, V. R., Aziz, K., O’Young, S., & Bessell, C. 
(2004). Evaluation of the effect of a comput¬ 
erized training simulator (ANAKIN) on the re¬ 
tention of neonatal resuscitation skills. Teach¬ 
ing and Learning in Medicine: An International 
Journal , 16 ( 2), 157-164. 

Donoghue, A. J., Durbin, D. R., Nadel, F. M., Stry- 
jewski, G. R., Kost, S. I., & M.Nadkarni, V. 
(2009). Effect of high-fidelity simulation on pe¬ 
diatric advanced life support training in pedi¬ 
atric house staff: a randomized trial. Pediatric 
Emergency Care , 25, 139144. 

Fonseca, L. M. M., Aredes, N. D. A., Dias, D. M. V., 
Scochi, C. G. S., & Ii, M. A. R. (2015). Serious 
game e-Baby: nursing students’ perception on 
learning about preterm newborn clinical assess¬ 
ment. Revista Brasileira Enfermagem , 68 ( 1), 
9-14. 


8 



Graafland, M., Schraagen, J., & Schijven, M. (2012). 
Systematic review of serious games for medical 
education and surgical skills training. British 
Journal of Surgery, 99( 10), 1322-1330. 

Halamek, L. P. (2008). The simulated delivery-room 
environment as the future modality for acquir¬ 
ing and maintaining skills in fetal and neonatal 
resuscitation. Seminars in Fetal and Neonatal 
Medicine, 13, 448453. 

Johnston, C. L., & Whatley, D. (2005). Pulse!!-a vir¬ 
tual learning space project. Studies in health 
technology and informatics, 119, 240. 

Joint Commission on Accreditation of Healthcare Or¬ 
ganizations (2004). Preventing infant death and 
injury during delivery. Sentinel Event Alert 

Kaczorowski, J., Levitt, C., Hammond, M., Outer- 
bridge, E., Grad, R., Rothman, A., & Graves, 
L. (1998). Retention of neonatal resuscitation 
skills and knowledge: a randomized controlled 
trial. Family Medicine, 30( 10), 705-711. 

Kalz, M., Schmitz, B., Biermann, H., Klemke, R., 
Ternier, S., & Specht, M. (2013). Design of a 
game-based pre-hospital resuscitation training 
for first responders. Human Factors in Com¬ 
puting and Informatics, 363-372. 

Kapralos, B., Moussa, F., & Dubrowski, A. (2014). 
An overview of virtual simulation and serious 
gaming for surgical education and training. In 
Technologies of Inclusive Well-Being, pp. 289- 
306. Springer. 

Kattwinkel, J., Perlman, J. M., Aziz, K., Colby, C., 
Fairchild, K., Gallagher, J., Hazinski, M. F., 
Halamek, L. P., Kumar, P., Little, G., Mc¬ 
Gowan, J. E., Nightengale, B., Ramirez, M. M., 
Ringer, S., Simon, W. M., Weiner, G. M., 
Wyckoff, M., & Zaichkin, J. (2010). Part 15: 
neonatal resuscitation: 2010 American Heart 
Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular 
Care. Circulation, 122(18 Suppl 3), S909-919. 

Knight, J. F., Car ley, S., Tregunna, B., Jarvis, S., 
Smithies, R., de Freitas, S., Dunwell, I., & 
Mackway-Jones, K. (2010). Serious gaming 
technology in major incident triage training: 
a pragmatic controlled trial. Resuscitation, 
81(9), 1175-1179. 

Lee, M. O., Brown, L. L., Bender, J., Machan, 
J. T., & Overly, F. L. (2012). A medical 
simulation-based educational intervention for 


emergency medicine residents in neonatal resus¬ 
citation. Academic Emergency Medicine, 19(b), 
577-585. 

Lin, D. T., Park, J., Liebert, C. A., & Lau, J. N. 
(2015). Validity evidence for surgical improve¬ 
ment of clinical knowledge ops: a novel gam¬ 
ing platform to assess surgical decision making. 
The American Journal of Surgery, 209(1), 79- 
85. 

Loconsole, C., Frisoli, A., Mastronicola, N., Stroppa, 
F., Ristagno, G., Marchetti, L., & Semeraro, F. 
(2015). Relive tracking for quality cardiopul¬ 
monary resuscitation training: An experimental 
comparison with a standard cpr training man¬ 
nequin. Resuscitation. 

McCarthy, L. K., Morley, C. J., Davis, P. G., Kam- 
lin, C. O., & O’Donnell, C. P. (2013). Timing 
of interventions in the delivery room: does real¬ 
ity compare with neonatal resuscitation guide¬ 
lines?. Journal of Pediatrics, 163(6), 1553- 
1557. 

McDonald, C. L. (2011). Pulse!! the virtual clinical 
learning lab and center of excellence. Tech, rep., 
DTIC Document. 

Michael, D. R., & Chen, S. L. (2005). Serious 
Games: Games That Educate, Train, and In¬ 
form. Muska & Lipman/Premier-Trade. 

Mileder, L. P., Urlesberger, B., Szyld, E. G., Roehr, 
C. C., & Schmolzer, G. M. (2014). Simulation- 
based neonatal and infant resuscitation teach¬ 
ing: a systematic review of randomized con¬ 
trolled trials. Klinische Padiatrie, 226(b), 259- 
267. 

Ristagno, G., Grieco, N., Pellis, T., Scapigliati, A., 
Semeraro, F., & Cerchiari, E. (2014). Achieve¬ 
ments of the week of cardiac arrest awareness 
“Viva!” in Italy. Resuscitation, 85, S59. 

Schilleman, K., Witlox, R. S., van Vonderen, J. J., 
Roegholt, E., Walther, F. J., & te Pas, A. B. 
(2014). Auditing documentation on delivery 
room management using video and physiolog¬ 
ical recordings. Archives of Disease in Child¬ 
hood. Fetal and Neonatal Edition, 99(6), F485- 
490. 

Schwid, H., & O’Donnell, D. (1992). Anesthesiol¬ 
ogists’ management of simulated critical inci¬ 
dents.. Anesthesiology, 76(4), 495-501. 

Semeraro, F., Frisoli, A., Ristagno, G., Loconsole, C., 
Marchetti, L., Scapigliati, A., Pellis, T., Grieco, 


9 



N., & Cerchiari, E. L. (2014). Relive: A serious 
game to learn how to save lives. Resuscitation , 
85(7), el09-ell0. 

Sitzmann, T. (2011). A meta-analytic examination 
of the instructional effectiveness of computer- 
based simulation games. Personnel Psychology , 
64(2), 489-528. 

Spector, J., & Daga, S. (2008). Preventing those so 
called stillbirths. Bulletin of World Health Or¬ 
ganization , 86 ( 4). 

Tetris Press (2015). About Tetris, 

http: / / press.tetris.com/about-tetris/. 

Wattanasoontorn, V., Boada, I., Garcia, R., & Sbert, 
M. (2013). Serious games for health. Entertain¬ 
ment Computing , ^(4), 231-247. 

Wattanasoontorn, V., Boada, I., Sbert, M., Olivet, J., 
& Juvinya, D. (2014). LISSA a serious game to 
teach CPR and use of AED. Resuscitation , 85 , 
S72. 

Wattanasoontorn, V., Magdics, M., Boada, I., & 
Sbert, M. (2013). A Kinect-based system for 
cardiopulmonary resuscitation simulation: a pi¬ 
lot study. In Serious Games Development and 
Applications , pp. 51-63. Springer. 

Weinstock, P. H., Kappus, L. J., Kleinman, M. E., 
Grenier, B., Hickey, P., & Burns, J. P. (2005). 
Toward a new paradigm in hospital-based pe¬ 
diatric education: the development of an on¬ 
site simulator program. Pediatric Critical Care 
Medicine , 6, 635641. 

Wykes, S. (2015). Game on: Stanford develops new 
tool for teaching doctors to treat sepsis. Stan- 
dord University News. 


10 



